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Chemical context
Styryllactones are a diverse group of secondary metabolites which have demonstrated significant potency against a broad spectrum of human tumour cells, including breast, colon, kidney and pancreas cancer lines (Tian et al., 2006) . Other biological activities have also been revealed for this class of compound, namely anti-inflammatory, anti-microbial, antifertility and immunosuppressant (de Fatima et al., 2006) . A member of the styryllactone family of compounds is isoaltholactone, a natural product which comprises an ,-unsaturated furanopyranone unit, i.e. there is an oxygen atom in place of the NH group in (I) shown in the Scheme. Isoaltholactone is structurally notable for its central tetrasubstituted tetrahydrofuran ring, which has four consecutive stereogenic centres. Compound (I), described herein, was originally prepared to enhance the biological activity of isoaltholactone (Moro et al., 2011) . Crystals of (I) have subsequently become available and the present report details the crystal and molecular structures of (I) along with an analysis of the Hirshfeld surface of (I) in order to provide more information on the supramolecular association. 
Structural commentary
The molecular structure of (I) is shown in Fig. 1 . The configurations about the chain of four chiral centres, i.e. C4-C7, are R, S, R and R, respectively. The five-membered pyrrolyl ring is twisted about the N1-C4 bond. The six-membered pyranyl ring is best described as having a half-chair conformation where the O1, C1-C4 atoms are co-planar (r.m.s. deviation = 0.0453 Å ) and the C5 atom lies 0.435 (3) Å out of the plane. The fused-ring system has, to a first approximation, the shape of the letter V with the dihedral angle between the mean planes through each of the rings being 75.10 (8) . The oxygen atoms all lie to one side of the plane through the pyrrolyl ring. Finally, the dihedral angle between the pyrrolyl and phenyl rings is 33.11 (7) , indicating a twisted conformation.
Supramolecular features
Conventional hydroxy-O-HÁ Á ÁN(amine) hydrogen bonding in the crystal of (I) leads to a linear, supramolecular chain along the a axis as illustrated in Fig. 2a , Table 1 . The amine-N-H atom forms an interaction with the phenyl ring, i.e. amine-N-HÁ Á Á(phenyl), Table 1 , linking molecules along the c axis, as shown in Fig. 2b . The hydroxy-O atom accepts a weak contact from a phenyl-H atom to connect molecules along the b axis, thereby consolidating the three-dimensional molecular packing (Fig. 2b ).
Hirshfeld surface analysis
The Hirshfeld surfaces calculated for the structure of (I) provide additional insight into the supramolecular association and was performed as per a recent publication (Wardell et al., 2017) . The appearance of bright-red spots at the hydroxy-H3O
and amine-N1 atoms on the Hirshfeld surfaces mapped over d norm in Fig. 3a Hydrogen-bond geometry (Å , ).
Cg1 is the centroid of the C8-C13 ring. Symmetry codes: (i) x þ 1; y; z; (ii) Àx þ 1; y À 1 2 ; Àz; (iii) x À 1; y; z À 1.
Figure 1
The molecular structure of (I), showing the atom-labelling scheme and displacement ellipsoids at the 50% probability level.
The overall two-dimensional fingerprint plot, Fig. 6a , and those delineated into HÁ Á ÁH, OÁ Á ÁH/HÁ Á ÁO, NÁ Á ÁH/HÁ Á ÁN and CÁ Á ÁH/HÁ Á ÁC contacts (McKinnon et al., 2007) are illustrated in Fig. 6b -e, respectively; the relative contributions from various contacts to the Hirshfeld surfaces are summarized in Table 2 . It is clear from the fingerprint plot delineated into HÁ Á ÁH contacts, Fig. 6b , that in spite of contributing the maximum, i.e. 50.4%, to the Hirshfeld surface, these contacts do not have a significant influence upon the molecular aggregation as the atoms are separated at distances greater than the sum of their van der Waals radii.
Despite the absence of characteristic faint-red spots expected on the d norm -mapped Hirshfeld surface for (I), Table 2 Percentage contributions of inter-atomic contacts to the Hirshfeld surface for (I). Figure 3 Two views of the Hirshfeld surface for (I) mapped over d norm over the range À0.435 to 1.180 au.
Figure 4
Two views of the Hirshfeld surfaces for (I) mapped over the calculated electrostatic potential over the range AE0.116 au. The red and blue regions represent negative and positive electrostatic potentials, respectively. Table 3 Summary of short inter-atomic contacts (Å ) in (I).
Contact distance symmetry operation
3.209 (3) À1 + x, y, z actions. Their reciprocal, i.e. Á Á ÁH-N interactions, are recognized from similar short inter-atomic contacts involving pyranyl-H7 and phenyl-carbon atoms C9 and C10, Fig. 5c and Table 3 . The small contribution of 1.3% from OÁ Á ÁO and CÁ Á ÁO/OÁ Á ÁC contacts exert a negligible influence on the packing.
Database survey
As mentioned in the Chemical context, compound (I) is an aza derivative of the biologically active species (+)-isoaltholactone whereby the ether-oxygen atom of the five-membered ring of the latter has been substituted with a NH group. Indeed, the structure of (+)-isoaltholactone (Colegate et al., 1990 ) is the most closely related structure to (I) in the crystallographic literature (Groom et al., 2016) . A structural overlay diagram of (I) and (+)-isoaltholactone is shown in Fig. 7 from which it can be seen the conformations exhibit a high degree of agreement, the only difference relating to the relative orientations of the terminal phenyl group. The molecular framework of (I) 
Synthesis and crystallization
The compound was prepared as described in the literature (Moro, et al., 2011) . Crystals for the present study were obtained by vapour diffusion of hexane into ethyl ether solution of (I).
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 4 . Carbon-bound H atoms were placed in calculated positions (C-H = 0.95-1.00 Å ) and were included in the refinement in the riding-model approximation, with U iso (H) set to 1.2U eq (C). The O-and N-bound H atoms were located from a difference map, but refined with O-H = 0.84AE0.01 Å and N-H = 0.88AE0.01 Å , and with U iso (H) = 1.5U eq (O) and 1.2U eq (N). As the value of the Flack parameter was ambiguous, the absolute structure is based on that of the starting material employed in the reaction (Moro, et al., 2011) . Molecular overlay diagram of (I) and (+)-isoaltholactone shown as red and blue images, respectively. Computer programs: APEX2 and SAINT (Bruker, 2007) , SHELXS97 (Sheldrick, 2008) , SHELXL2014 (Sheldrick, 2015) , ORTEP-3 for Windows (Farrugia, 2012) , QMol (Gans & Shalloway, 2001) , DIAMOND (Brandenburg, 2006) and publCIF (Westrip, 2010). Sheldrick, G. M. (2015 -2-phenyl-2,3,3a,7a-tetrahydro-1H,5H-pyrano[3,2- program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) , QMol (Gans & Shalloway, 2001 ) and DIAMOND (Brandenburg, 2006) ; software used to prepare material for publication: publCIF (Westrip, 2010).
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3-Hydroxy-2-phenyl-2,3,3a,7a-tetrahydro-1H,5H-pyrano[3,2-b]pyrrol-5-one
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
